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(57) ABSTRACT 

A communication system is provided comprising an environ 
ment-side electrode and a living body-side electrode sand 
wiching an insulating layer and electrically insulated from 
each other, a grounding electrode which is electrically con 
nected to the environment-side electrode, and a reception 
amplifier which amplifies a potential difference between the 
environment-side electrode and the living body-side elec 
trode, wherein the grounding electrode has a side Surface 
section which extends along a vertical direction. 
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COMMUNICATION SYSTEMAND 
RECEIVER USED IN COMMUNICATION 

SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The entire disclosure of Japanese Patent Application No. 
2008-155012 including specification, claims, drawings, and 
abstract, is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a communication system 

for enabling communication through a human body or the like 
and a receiver used in the communication system. 

2. Description of the Related Art 
A communication device which communicates through 

tissue of a living body such as a human body is known. For 
example, a technique is known in which data can be 
exchanged by a user merely holding a hand over a receiver 
while a portable electronic device such as a portable phone on 
which a transmitter is mounted is placed in a pocket of cloth 
ing of the user, or while the portable electronic device is hung 
around the neck. 

For example, as shown in FIGS. 22A and 22B, a transmitter 
100 comprises an encoder 10, a transmission amplifier 12, an 
environment-side electrode 14, and a living body-side elec 
trode 16, and a receiver 102 comprises a decoder 18, a recep 
tion amplifier 20, an environment-side electrode 22, and a 
living body-side electrode 24. The transmitter 100 is mounted 
on a portable electronic device or the like which is carried by 
the user. The receiver 102 is placed on a ticket barrier of a 
station, a vending machine, a shop, etc. 

FIG. 23 shows a relationship between the transmitter 100, 
the receiver 102, and the human body or the like during the 
communication. FIG. 24 shows an equivalent circuit of the 
relationship. 
The transmitter 100 capacitively couples with the receiver 

102 through tissue of a living body such as human body or the 
like (hereinafter simply referred to as “human body or the 
like'). The environment-side electrode 14 of the transmitter 
100 forms a capacitive coupling A with an external environ 
mental ground potential, a capacitive coupling B with the 
human body or the like, and a capacitive coupling D with an 
external environment. Similarly, the environment-side elec 
trode 22 of the receiver 102 forms a capacitive coupling H 
with the external environmental ground potential and a 
capacitive coupling G with the external environment. As 
described, the environment-side electrodes 14 and 22 are 
electrodes which form capacitive couplings with the external 
environment during the communication. 
The living body-side electrode 16 of the transmitter 100 

forms a capacitive coupling C with the human body or the 
like. The living body-side electrode 24 of the receiver 102 
forms a capacitive coupling F with the human body or the 
like. Moreover, a capacitive coupling E is formed between the 
human body or the like and the external environment. As 
described, the living body-side electrodes 16 and 24 are elec 
trodes which form capacitive couplings with the human body 
or the like during the communication. 
The transmission amplifier 12 of the transmitter 100 

receives information encoded by the encoder 10 and outputs 
as a potential difference between the environment-side elec 
trode 14 and the living body-side electrode 16. When the 
transmitter 100 and the receiver 102 are electrically coupled 
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2 
through the human body or the like as described above, the 
potential difference between the environment-side electrode 
14 and the living body-side electrode 16 of the transmitter 100 
causes a change in a potential difference between the envi 
ronment-side electrode 22 and the living-body side electrode 
24 of the receiver 102. The reception amplifier 20 of the 
receiver 102 amplifies the potential difference between the 
environment-side electrode 22 and the living body-side elec 
trode 24 and outputs the amplified signal. The output of the 
reception amplifier 20 is decoded by the decoder 18. In this 
manner, the communication is established. 

For example, communication is enabled by a user who 
carries the transmitter 100 holding a hand over (or contacting 
with a hand) the living body-side electrode 24 of the receiver 
102 placed on a ticket barrier of a station. 

In the above-described communication device, as shown in 
FIG. 24, the output of the reception amplifier 20 is determined 
based on the relationships between the capacitive coupling F 
and the other capacitive couplings A-E and G-H. Therefore, 
for the communication, it is desirable that the capacitive 
couplings A-E and G-Hare stable. 

For example, if the capacitive coupling D between the 
environment-side electrode 14 of the transmitter 100 and the 
external environment fluctuates, the communication becomes 
unstable. However, the capacitive coupling D between the 
environment-side electrode 14 of the transmitter 100 and the 
external environment would change depending on how the 
user carries the transmitter 100 such as, for example, holding 
in the hand, placed in a pocket of clothing, placed in a bag, 
etc., which may result in unstable communication. 

In addition, as shown in FIG. 25, a noise source Such as a 
personal computer and a digital television may exist between 
the environment-side electrode 14 and the grounding point of 
the external environment, or between the environment-side 
electrode 22 and the grounding point of the external environ 
ment. FIG. 26 shows an equivalent circuit of the communi 
cation system when a noise Source exists. When a noise 
Source exists, the capacitive coupling D formed between the 
environment-side electrode 14 and the grounding point of the 
external environment and the capacitive coupling G formed 
between the environment-side electrode 22 and the grounding 
point of the external environment are affected, and a problem 
may be caused in which the communication between the 
transmitter 100 and the receiver 102 cannot be realized. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided a communication system for enabling communica 
tion between a transmitter which is portable and a receiver 
which is fixed, using a capacitive coupling through a living 
body, wherein the receiver comprises an environment-side 
electrode and a living body-side electrode sandwiching an 
insulating layer and electrically insulated from each other, a 
grounding electrode which is electrically connected to the 
environment-side electrode, and a reception amplifier which 
amplifies at least a Voltage of the living body-side electrode, 
and the grounding electrode has a side surface section which 
extends along a vertical direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will be 
described in detail based on the following drawings, wherein: 

FIG. 1 is a diagram showing a structure of a transmitter of 
a communication system in a preferred embodiment of the 
present invention; 
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FIG. 2 is a diagram showing another structure of a trans 
mitter of a communication system in a preferred embodiment 
of the present invention; 

FIG. 3 is a diagram showing a structure of a receiver of a 
communication system in a preferred embodiment of the 
present invention; 

FIG. 4 is a diagram showing another structure of a receiver 
of a communication system in a preferred embodiment of the 
present invention; 

FIG. 5 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 6 is a diagram showing an example of formation of an 
electric field when a communication system is used in the 
example placement of FIG. 5; 

FIG. 7 is a diagram showing a relationship between a 
capacitive coupling C between a human body or the like and 
a living body-side electrode of a transmitter and a capacitive 
coupling D between an environment-side electrode of the 
transmitter and a grounding electrode in a preferred embodi 
ment of the present invention; 

FIGS. 8A and 8B are diagrams showing an example of 
formation of an electric field when a communication system 
is used in an example placement of FIG. 5: 

FIG. 9 is a diagram for explaining an electromagnetic 
shield in an example placement of a receiver in a preferred 
embodiment of the present invention; 

FIG. 10A is a diagram for explaining an effect of a noise 
source in a preferred embodiment of the present invention; 

FIG. 10B is a diagram for explaining an effect of a noise 
source in a preferred embodiment of the present invention; 

FIG. 11 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 12 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 13 is a diagram showing an example of formation of 
an electric field when a communication system is used in the 
example placement of FIG. 12; 

FIG. 14 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 15 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 16 is a diagram showing an example of formation of 
an electric field when a communication system is used in the 
example placement of FIG. 15: 

FIG. 17 is a diagram showing an example placement of a 
receiver in a preferred embodiment of the present invention; 

FIG. 18 is a diagram showing an example placement of a 
dielectric layer, an environment-side electrode, and a living 
body-side electrode in a preferred embodiment of the present 
invention; 

FIG. 19 is a diagram showing an example placement of a 
dielectric layer, an environment-side electrode, and a living 
body-side electrode in a preferred embodiment of the present 
invention; 

FIG.20 is a diagram showing a structure of a transceiver in 
a preferred embodiment of the present invention: 

FIG. 21 is a diagram for explaining a communication ses 
sion using a transceiver of a preferred embodiment of the 
present invention; 
FIG.22A is a diagram showing a structure of a transmitter 

in a communication system of related art; 
FIG.22B is a diagram showing a structure of a receiver in 

a communication system of related art; 
FIG. 23 is a diagram showing an example of formation of 

an electric field when a communication system is used; 
FIG. 24 is a diagram showing an equivalent circuit of a 

capacitive coupling formed in a communication system; 
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4 
FIG.25 is a diagram showing an example of formation of 

an electric field when a communication system is used in a 
case where a noise Source exists; and 

FIG. 26 is a diagram showing an equivalent circuit of a 
capacitive coupling formed in a communication system when 
a noise source exists. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A communication system according to a preferred embodi 
ment of the present invention comprises a transmitter 200 and 
a receiver 202. The transmitter 200 may be used incorporated 
in a portable electronic device such as a portable phone. The 
receiver 202 may be used placed in a ticket barrier of a station, 
a vending machine, a shop, etc. 
As shown in FIG. 1, the transmitter 200 comprises an 

encoder 30, a transmission amplifier 32, an environment-side 
electrode 34, and a living body-side electrode 36. 
The encoder 30 encodes data which is input from the out 

side using a predetermined encoding method and outputs the 
encoded data to the transmission amplifier32. The data which 
is input from the outside is input in a Superposed state on a 
base wave of a high frequency. The frequency of the base 
wave is preferably set, for example, to 5 MHz or higher or 15 
MHZ or lower. 
The transmission amplifier 32 comprises a differential 

amplifier circuit. An inverted input terminal (-) and a non 
inverted input terminal (+) of the differential amplifier circuit 
are connected to an output terminal of the encoder 30, a 
non-inverted output terminal is connected to the environ 
ment-side electrode 34, and an inverted output terminal is 
connected to the living body-side electrode 36. The transmis 
sion amplifier 32 amplifies a signal which is input from the 
encoder 30 and differentially outputs to the environment-side 
electrode 34 and the living body-side electrode 36. A poten 
tial difference between the environment-side electrode 34 and 
the living body-side electrode 36 changes according to the 
output of the transmission amplifier 32. 
The environment-side electrode 34 and the living body 

side electrode 36 are each formed with a conductor. For 
example, these electrodes are formed with a conductor Such 
as aluminum, stainless steel, etc. The environment-side elec 
trode 34 and the living body-side electrode 36 are placed in an 
electrically insulated State from each other, Sandwiching a 
dielectric layer 38. 

Alternatively, the transmitter 200 may be formed in a con 
figuration as shown in FIG. 2. The transmission amplifier 32 
includes a single amplifier circuit. An input terminal of the 
amplifier circuit is connected to an output terminal of the 
encoder 30, and an output terminal of the amplifier circuit is 
connected to the living body-side electrode 36. The environ 
ment-side electrode 34 is grounded. The transmission ampli 
fier 32 amplifies a signal which is input from the encoder 30 
and outputs the amplified signal to the living body-side elec 
trode 36. A potential difference between the environment 
side electrode 34 and the living body-side electrode 36 
changes according to an output of the transmission amplifier 
32. 
As shown in FIG. 3, the receiver 202 comprises a decoder 

40, a reception amplifier 42, an environment-side electrode 
44, and a living body-side electrode 46. 
The reception amplifier 42 comprises a differential ampli 

fier circuit. An inverted input terminal (-) of the differential 
amplifier circuit is connected to the environment-side elec 
trode 44, and a non-inverted input terminal (+) of the differ 
ential amplifier circuit is connected to the living body-side 



US 8,270,902 B2 
5 

electrode 46. An inverted output terminal and a non-inverted 
output of the differential amplifier circuit are connected to an 
input terminal of the decoder 40. The reception amplifier 42 
amplifies a potential difference between the environment 
side electrode 44 and the living body-side electrode 46, and 
outputs as a potential difference between the inverted output 
terminal and the non-inverted output. The decoder 40 receives 
an output signal from the reception amplifier 42, decodes the 
signal with a decoding method corresponding to the encoding 
method used in the encoder 30, and outputs the decoded 
signal. 
The environment-side electrode 44 and the living body 

side electrode 46 are each formed with a conductor such as 
aluminum, stainless Steel, etc. The environment-side elec 
trode 44 and the living body-side electrode 46 are placed in an 
electrically insulated State from each other, Sandwiching a 
dielectric layer 48. 

Alternatively, the receiver 202 may beformed in a structure 
as shown in FIG. 4. The reception amplifier 42 comprises a 
single amplifier circuit. An input terminal of the amplifier 
circuit is connected to the living body-side electrode 465 and 
an output terminal of the amplifier circuit is connected to the 
decoder 40. The environment-side electrode 44 is grounded. 
The reception amplifier 42 amplifies a signal which is input 
from the living body-side electrode 46 and outputs the ampli 
fied signal to the decoder 40. The decoder 40 decodes the 
output of the reception amplifier 42 with a decoding method 
corresponding to the encoding method used in the encoder 30, 
and outputs the decoded signal. 
The receiver 202 of the present embodiment further com 

prises a grounding electrode 50. The grounding electrode 50 
is formed with a conductor. For example, the grounding elec 
trode 50 is formed with a metal such as aluminum, stainless 
steel, etc. The grounding electrode 50 is grounded. 

For example, when the receiver 202 is placed on a gate such 
as a ticket barrier in a station, the environment-side electrode 
44, living body-side electrode 46, and grounding electrode 50 
are preferably placed in a manner shown in a cross sectional 
diagram of FIG. 5. FIG. 5 is a cross sectional diagram cutting 
the gate in a vertical direction with respect to the passageway 
direction (direction perpendicular to the paper surface of the 
drawing). In this example structure, the living body-side elec 
trode 46 and the environment-side electrode 44 are placed 
below the floor of the passageway of the ticket barrier covered 
with an insulating member 52, with the living body-side 
electrode 46 at an upper position and the environment-side 
electrode 44 at a lower position. The dielectric layer 48 is 
sandwiched between the living body-side electrode 46 and 
the environment-side electrode 44. The grounding electrode 
50 is provided along the passageway in the gate covered with 
the insulating member 52. The grounding electrode 50 com 
prises a side surface section 50a which extends in the vertical 
direction along a sidewall section of the passageway of the 
gate. In addition, the insulating member 52 may be provided 
below the living body-side electrode 46 and the environment 
side electrode 44 and the grounding electrode 50 may be 
provided with a bottom surface section 50b extending also 
below the insulating member 52. 

The extension in the vertical direction is not limited to a 
case where the grounding electrode 50 extends at an angle of 
exactly 90° with respect to the floor surface (ground surface), 
and the grounding electrode 50 may extend with a slope of an 
angle other than 90° with respect to the floor surface (ground 
surface). In addition, although the grounding electrode 50 
preferably extends in the vertical direction continuously from 
the floor Surface, it is not necessary that the grounding elec 
trode 50 extend from the floor surface (ground surface). That 
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6 
is, it is only necessary that an extended portion is provided so 
that the grounding electrode 50 has a vertical direction com 
ponent. 

In Such a structure of the communication system, when the 
user carrying the transmitter 200 passes through the passage 
way of the gate, a capacitive coupling D is formed between 
the receiver 202 placed below the floor and the body of the 
user, and communication is enabled between the transmitter 
200 and the receiver 202. 

For example, as shown in FIG. 6, when the user carrying 
the transmitter 200 passes through the gate, the living body 
side electrode 36 of the transmitter 200 primarily forms a 
capacitive coupling C with the body of the user. The environ 
ment-side electrode 34 of the transmitter 200 primarily forms 
the capacitive coupling D with the grounding electrode 50. In 
other words, an electric flux line generated from the environ 
ment-side electrode 34 primarily ends at the grounding elec 
trode 50. In addition, the living body-side electrode 46 of the 
receiver 202 primarily forms a capacitive coupling F with the 
foot (shoe bottom) of the user. That is, an electric flux line 
generated from the living body-side electrode 46 primarily 
ends at the foot (shoe bottom) of the user. 

In a communication system of the related art where the 
grounding electrode 50 is not provided, the electric field 
generated between the environment-side electrode 34 of the 
transmitter 200 and the external environment spreads in vari 
ous locations, and the capacitor of the capacitive coupling D 
when the user passes the gate is not stabilized because of the 
form and position of carriage by the user, Such as the user 
holding the transmitter 200 in their hand, the transmitter 200 
being placed in a pocket of clothing, the transmitter 200 being 
placed in a bag, etc. Therefore, when the distance between the 
human body or the like and the living body-side electrode 36 
of the transmitter 200 is increased, a deficiency may becaused 
in the communication. 
When, on the other hand, the grounding electrode 50 is 

placed to surround the side surface and bottom surface of the 
passageway of the gate as in the present invention, most of the 
electric field starting at the environment-side electrode 34 
ends at the grounding electrode 50. Therefore, the capacitor 
of the capacitive coupling D formed between the environ 
ment-side electrode 34 of the transmitter 200 and the external 
environment when the user passes the gate is stabilized 
regardless of the form and position of the carriage. Such as the 
user holding the transmitter 200 in their hand, the transmitter 
200 being placed in the pocket of clothing, the transmitter 200 
being placed in a bag, etc. As a result, the change in the 
electric field corresponding to the communication data which 
is output from the living body-side electrode 36 of the trans 
mitter 200 can be reliably received by the receiver 202. 

For example, FIG. 7 shows, in a case where a width of the 
gate is set to 80 cm and a height of the side surface section 50a 
of the grounding electrode 50 is set to 100 cm, the capacitive 
coupling C (dashed line) between the human body or the like 
and the living body-side electrode 36 of the transmitter 200, 
and the capacitive coupling D (solid line) between the envi 
ronment-side electrode 34 of the transmitter 200 and the 
grounding electrode 50, as a relationship with respect to a 
distance between the human body or the like and the living 
body-side electrode 36 of the transmitter 200. As shown in 
FIG. 7, as the distance between the human body or the like 
and the living body-side electrode 36 of the transmitter 200 is 
increased, the capacitive coupling C between the human body 
or the like and the living body-side electrode 36 of the trans 
mitter 200 is reduced, but the capacitive coupling D between 
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the environment-side electrode 34 of the transmitter 200 and 
the grounding electrode 50 is increased in a manner to com 
pensate for the reduction. 

Moreover, as shown in FIGS. 8A and 8B, in addition to the 
case where the user carries the transmitter 200 alongside the 
body of the user (FIG. 8A), in the case where the user carries 
the transmitter 200 in front or in back of their body (FIG. 8B) 
also, the capacitive coupling D between the environment-side 
electrode 34 of the transmitter 200 and the grounding elec 
trode 50 can be reliably formed. FIGS. 8A and 8B are dia 
grams viewing, from above, the gate on which the grounding 
electrode 50 is provided. 

In addition, as shown in FIG.9, when the grounding elec 
trode 50 is provided, the transmitter 200 carried by the user 
when the userpasses through the gate and the receiver 202 are 
electromagnetically shielded with the grounding electrode 
50. Therefore, the transmitter 200 and the receiver 202 do not 
tend to be affected by the external noise source. In addition, 
when a plurality of gates, each of which having the receiver 
202, are placed as in a ticket barrier of a station, the mutual 
influences on the communication among the gates can be 
reduced. 

FIG. 10A shows an equivalent circuit when the reception 
amplifier 42 including the differential amplifier circuit is 
applied. As shown in FIG. 10A, a noise source A exists 
between the grounding electrode 50 and the grounding point 
and a noise source B exists between the grounding electrode 
of a circuit board on which the reception amplifier 42 is 
mounted and the grounding point. In Such a case, the noise 
Source A and the noise source B generate noises which differ 
from each other. FIG. 10B shows a potential difference 
between both input terminals of the reception amplifier 42 in 
the equivalent circuit of FIG. 10A. As shown in FIG. 10B, by 
applying a differential amplifier circuit in the reception 
amplifier 42, the communication signal can be amplified and 
output without being significantly affected by the noise 
Source A and the noise source B. 

In FIG. 10A, a configuration is shown where a pair of lines 
to the input terminal of the reception amplifier 42 is realized 
with one coaxial cable, but alternatively, a configuration may 
be employed in which separate coaxial cables are used for 
lines to the input terminal of the reception amplifier 42. In this 
case, it is preferable to connect the shield of each of the 
coaxial cables to the grounding electrode 50, to ground the 
shield. By connecting the shields of the coaxial cables to the 
grounding electrode 50, it is possible to reduce the influences 
of the noise source A and the noise source B compared to the 
structure where the shields of the coaxial cables are con 
nected to the grounding electrode of the circuit board of the 
reception amplifier 42. 

FIG. 11 shows an example configuration in which the 
receiver 202 having the reception amplifier 24 with a single 
amplifier circuit is applied. With Such a configuration also, 
advantages similar to those of the structure of the gate shown 
in FIG. 5 can be obtained. 

Alternatively, the environment-side electrode 44, living 
body-side electrode 46, and grounding electrode 50 may be 
placed in a manner as shown in FIG. 12. FIG. 12 is a cross 
sectional diagram cutting the gate perpendicularly with 
respect to the direction of the passageway (direction perpen 
dicular to the plane of the drawing). In this case, the living 
body-side electrode 46 and the environment-side electrode 44 
are placed on a side Surface of the passageway of the ticket 
barrier covered with the insulating member 52, with the living 
body-side electrode 46 placed at a position nearer to the 
passageway and the environment-side electrode 44 placed at 
a position distanced from the passageway compared to the 
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8 
living body-side electrode 46. The dielectric layer 48 is sand 
wiched between the living body-side electrode 46 and the 
environment-side electrode 44. The grounding electrode 50 is 
provided in the gate covered with the insulating member 52. 
along the passageway. The grounding electrode 50 has a side 
surface section 50a which extends in the vertical direction 
along the side wall section of the passageway of the gate from 
the environment-side electrode 44 with the insulating mem 
ber 52 therebetween. In addition, the grounding electrode 50 
may be provided so that a bottom surface section 50b extends. 

In Such a configuration of the communication system, 
when the user carrying the transmitter 200 passes through the 
passageway of the gate, the user places a part of the body Such 
as a hand close to the living body-side electrode 46 of the 
receiver 202 so that communication is enabled between the 
transmitter 200 and the receiver 202. 

For example, as shown in FIG. 13, when the user carrying 
the transmitter 200 passes through the gate, the living body 
side electrode 36 of the transmitter 200 primarily forms the 
capacitive coupling C with the body of the user. Similarly, the 
environment-side electrode 34 of the transmitter 200 prima 
rily forms the capacitive coupling D with the grounding elec 
trode 50. In other words, the electric flux line generated from 
the environment-side electrode 34 primarily ends at the 
grounding electrode 50. Moreover, the living body-side elec 
trode 46 of the receiver 202 primarily forms the capacitive 
coupling F with the hand held by the user. In other words, the 
electric flux line generated from the living body-side elec 
trode 46 primarily ends at the hand of the user. 
As described, with the configuration of FIG. 12 also, most 

of the electric field from the environment-side electrode 34 
ends at the grounding electrode 50. Therefore, the capacitor 
of the capacitive coupling D formed between the environ 
ment-side electrode 34 of the transmitter 200 and the external 
environment is stabilized when the user passes through the 
gate regardless of the form and position of carriage. Such as 
the user holding the transmitter 200 in their hand, the trans 
mitter 200 being placed in a pocket of clothing, the transmit 
ter 200 being placed in a bag, etc. As a result, a change of the 
electric field corresponding to the communication data which 
is output from the living body-side electrode 36 of the trans 
mitter 200 can be reliably received by the receiver 202. 

FIG. 14 shows an example configuration where the 
receiver 202 comprising the reception amplifier 42 having a 
single amplifier circuit is applied. With Such a structure also, 
advantages similar to those of the structure of the gate shown 
in FIG. 12 can be obtained. 
When the communication system is used for opening and 

closing a door, it is preferable to place the environment-side 
electrode 44, living body-side electrode 46, and grounding 
electrode 50 in a manner as shown in FIG. 15. FIG. 15 is a 
cross sectional diagram in a thickness direction of the door. In 
this case, a door body 60 is formed with an insulating mem 
ber, and the living body-side electrode 46 and the environ 
ment-side electrode 44 are placed inside the door body 60 
near a door knob 62. The dielectric layer 48 is sandwiched 
between the living body-side electrode 46 and the environ 
ment-side electrode 44. The grounding electrode 50 is pro 
vided inside the door body 60 in an insulated state from the 
living body-side electrode 46. 

In the structure described above, it is preferable that the 
grounding electrode 50 extend to a height where there is a 
possibility that the user may carry the transmitter 200. Nor 
mally, when the user carries the transmitter 200, the transmit 
ter 200 is positioned in many cases at a height from the foot to 
the shoulder. Therefore, the grounding electrode 50 prefer 
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ably extends to an average height of the shoulder of user in the 
usage environment of the communication system. 

For example, as shown in FIG. 16, when the user carrying 
the transmitter 200 opens or closes the door, the living body 
side electrode 36 of the transmitter 200 primarily forms the 
capacitive coupling C with the body of the user. Similarly, the 
environment-side electrode 34 of the transmitter 200 prima 
rily forms the capacitive coupling D with the grounding elec 
trode 50. In other words, the electric flux line generated from 
the environment-side electrode 34 primarily ends at the 
grounding electrode 50. In addition, the living body-side 
electrode 46 of the receiver 202 primarily forms the capaci 
tive coupling F with the handheld by the user. In other words, 
the electric flux line generated from the living body-side 
electrode 46 primarily ends at the hand of the user. 
As described, with the structure of FIG.15 also, most of the 

electric field from the environment-side electrode 34 ends at 
the grounding electrode 50. Therefore, the capacitor of the 
capacitive coupling D formed between the environment-side 
electrode 34 of the transmitter 200 and the external environ 
ment when the user passes through the gate can be stabilized 
regardless of the form and position of the carriage such as the 
user holding the transmitter 200 in their hand, the transmitter 
200 being placed in the pocket of clothing, the transmitter 200 
being placed in a bag, etc. As a result, the change of the 
electric field corresponding to the communication data which 
is output from the living body-side electrode 36 of the trans 
mitter 200 can be reliably received by the receiver 202. 

FIG. 17 shows an example configuration where the 
receiver 202 comprising the reception amplifier 24 having a 
single amplifier circuit is applied. With such a structure also, 
advantages similar to those of the structure of the door shown 
in FIG. 15 can be obtained. 
The grounding electrode 50 may have any form as long as 

at least a part of the electric field from the environment-side 
electrode 34 of the transmitter 200 ends at the grounding 
electrode 50. For example, a structure may be employed in 
which the conductor is machined in a mesh shape. By making 
the insulating member covering the grounding electrode 50 
transparent and forming the grounding electrode 50 in the 
mesh shape, it is possible to improve the visibility of the gate 
or door in which the receiver 202 is provided. 

In addition, as described above, the environment-side elec 
trode 34 and the living body-side electrode 36 of the trans 
mitter 200 and the environment-side electrode 44 and the 
living body-side electrode 46 of the receiver 202 are placed to 
sandwich the dielectric layer 38 and the dielectric layer 48, 
respectively. As shown in FIG. 18, it is preferable that the ends 
of the electrodes be bent to cover the ends of the dielectric 
layer 38 and the dielectric layer 48. FIG. 18 is a cross sec 
tional diagram. By machining the ends in this manner, it is 
possible to reduce concentration of the electric field to the 
ends of the environment-side electrode 34, living body-side 
electrode 36, environment-side electrode 44, and living body 
side electrode 46, resulting in a more stable communication. 

Alternatively, as shown in FIG. 19, the dielectric layer 38 
and the dielectric layer 48 may be formed in a spherical shape 
and the environment-side electrode 34 and the living body 
side electrode 36 of the transmitter 200 and the environment 
side electrode 44 and the living body-side electrode 46 of the 
receiver 202 may be placed covering the periphery of the 
spheres. When Such a configuration is employed also, the 
concentration of the electric field to the ends of the environ 
ment-side electrode 34, living body-side electrode 36, envi 
ronment-side electrode 44, and living body-side electrode 46 
can be reduced, resulting in a more stable communication. 
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10 
Alternatively, as shown in FIG. 20, a transceiver 204 in 

which the transmitter 200 and the receiver 202 are combined 
may be used to allow bidirectional communication. The 
transceiver 204 comprises the encoder 30, the transmission 
amplifier 32, the environment-side electrode 34, the living 
body-side electrode 36, the decoder 40, the reception ampli 
fier 42, a changeover switch 70, and a controller 72. 

In the transceiver 204, the environment-side electrode 34 
and the living body-side electrode 36 are shared between 
transmission and reception. The controller 72 switches the 
changeover switch 70 to the transmission amplifier 32 when 
data is to be transmitted, and Switches the changeover Switch 
70 to the reception amplifier 42 when data is to be received. 
The timing of the switching of the changeover switch 70 may 
be at a predetermined time period or may be achieved by the 
USC. 

For example, as shown in FIG. 21, a communication ses 
sion can be executed by executing a polling process. In the 
following description, the transceivers 204 provided in the 
fixed device and the portable device periodically switch 
between the transmission state and the reception state at a 
predetermined period. 
The transceiver 204 provided on the fixed device (such as a 

gate, a door, etc.) repeatedly sends a call to the transceiver 204 
provided on the portable device. When there is no transceiver 
204 of the portable device in a reception range of the calling 
signal from the transceiver 204 of the fixed device, the calling 
is repeated. When, on the other hand, there is the transceiver 
204 of the portable device in the reception range of the calling 
signal from the transceiver 204 of the fixed device, the trans 
ceiver 204 of the portable device receiving the calling signal 
is activated. A connection request signal is transmitted from 
the activated transceiver 204 of the portable device to the 
transceiver 204 of the fixed device. When the transceiver 204 
of the fixed device receives the connection request signal, the 
transceiver 204 returns a connection response signal if con 
nection is possible. When the transceiver 204 of the portable 
device receives the connection response signal, the trans 
ceiver 204 returns a connection response signal to the trans 
ceiver 204 of the fixed device. When the transceiver 204 of the 
fixed device receives the connection response signal, the 
communication session of the data is started. When the data 
communication is completed, the transceiver 204 of the fixed 
device transmits a completion signal to the transceiver 204 of 
the portable device, and the transceiver 204 of the portable 
device enters a sleep mode. 
What is claimed is: 
1. A communication system for enabling communication 

between a transmitter which is portable and a receiver which 
is fixed, using a capacitive coupling through a living body, 
wherein 

the receiver comprises: 
an environment-side electrode and a living body-side 

electrode Sandwiching an insulating layer and electri 
cally insulated from each other; 

a grounding electrode electrically connected to the envi 
ronment-side electrode; 

a reception amplifier which amplifies at leasta Voltage of 
the living body-side electrode: 

a transmission environment-side electrode and a trans 
mission living body-side electrode Sandwiching an 
insulating layer and electrically insulated from each 
other, and 

a transmission amplifier which amplifies a signal and 
outputs at least to the transmission living body-side 
electrode: 

the transmitter comprises: 
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a transmission environment-side electrode and a trans 
mission living body-side electrode Sandwiching an 
insulating layer and electrically insulated from each 
other; 

a transmission amplifier which amplifies a signal and 5 
outputs to at least the transmission living body-side 
electrode: 

a reception environment-side electrode and a reception 
living body-side electrode sandwiching an insulating 
layer and electrically insulated from each other; and 

a reception amplifier which amplifies at leasta Voltage of 
the living body-side electrode; and 

the grounding electrode has a side Surface section which 
extends along a vertical direction; and 

polling is executed for the receiver by transmitting a calling 
signal from the transmitter. 

2. The communication system according to claim 1, 

15 

wherein 
the grounding electrode continuously extends from a floor 

Surface along the vertical direction at a location where 
the receiver is placed. 

3. The communication system according to claim 1, 

2O 

wherein 
the grounding electrode comprises a bottom Surface sec- 25 

tion which is electrically connected to the side surface 
section and which is placed on a floor Surface at a loca 
tion where the receiver is placed. 

4. The communication system according to claim 1, 30 

at least a part of the grounding electrode has a mesh shape. 
5. The communication system according to claim 1, 

wherein 
the grounding electrode extends to a height of 100 cm or 

higher from a floor surface at a location where the 
receiver is placed. 

6. The communication system according to claim 1, 

35 

wherein 
the reception amplifier comprises a differential amplifier 

circuit which amplifies and outputs a potential differ 
ence between the living body-side electrode and the 
environment-side electrode. 

7. The communication system according to claim 1, 

40 

wherein 

12 
the reception amplifier comprises a single amplifier circuit 

which amplifies and outputs a Voltage of the living body 
side electrode with a reference at a potential of the envi 
ronment-side electrode. 

8. The communication system according to claim 1, 
wherein 

the environment-side electrode and the living body-side 
electrode of the receiver are electromagnetically 
shielded by the grounding electrode. 

9. A receiver for enabling communication with a transmit 
ter which is portable using a capacitive coupling through a 
living body, 

the receiver comprising: 
an environment-side electrode and a living body-side 

electrode Sandwiching an insulating layer and electri 
cally insulated from each other; 

a grounding electrode which is electrically connected to 
the environment-side electrode; and 

a reception amplifier which amplifies at leasta Voltage of 
the living body-side electrode: 

a transmission environment-side electrode and a trans 
mission living body-side electrode Sandwiching an 
insulating layer and electrically insulated from each 
other, and 

a transmission amplifier which amplifies a signal and 
outputs at least to the transmission living body-side 
electrode: 

the transmitter comprising: 
a transmission environment-side electrode and a trans 

mission living body-side electrode Sandwiching an 
insulating layer and electrically insulated from each 
other; 

a transmission amplifier which amplifies a signal and 
outputs to at least the transmission living body-side 
electrode: 

a reception environment-side electrode and a reception 
living body-side electrode sandwiching an insulating 
layer and electrically insulated from each other; and 

a reception amplifier which amplifies at least a Voltage of 
the living body-side electrode: 

wherein the grounding electrode has a side Surface section 
which extends along a vertical direction; and 

polling is executed for the receiver by transmitting a calling 
signal from the transmitter. 

k k k k k 


